. Brit. J. industr. Med., 28, [272] [273] [274] [275] [276] [277] [278] [279] . A comparison of some methods of diagnosing Raynaud phenomena of occupational origin. The aim of the present study was to compare some field methods of diagnosing traumatic vasospastic disease (TVD) . Eleven forest workers with TVD (Raynaud phenomena of occupational origin) from the use of chain saws and seven controls underwent various exposures to cold. Sitting naked at 10 to 12°C for 40 minutes and exposing the hands to water of 13 to 16°C during the last 20 minutes provoked blanching of the fingers of all subjects in the TVD group and in none of the controls. These group differences were only partially supported by skin temperature recordings. Finger cooling during general cold exposure, rewarming after local cold exposures that did not provoke blanching, cold-induced vasodilatation, and rewarming after local vibration in cool water did not differ significantly between the groups. The production of attacks was apparently facilitated by hand grip in the cold. The results underline the diagnostic uncertainties present in those approaches which do not provoke attacks of finger blanching. Such attacks are most easily produced by a combined general and local cold exposure.
Traumatic vasospastic disease ' (Wright, 1940) , TVD, rarely presents symptoms or signs at ordinary room temperature (Jones, 1960) . To base the diagnosis solely on the history of attacks is particularly unsatisfactory in a disease which (in many countries) may entitle the patient to workman's compensation. Various types of cold exposure have been applied to verify the diagnosis of TVD in different investigations, but withvaryingsuccess (see Discussion, p. 276 ). At present, no single method of diagnosing TVD seems to be generally accepted. The aim of the present study was to compare some simple field procedures of verifying the diagnosis of TVD.
Methods

Material
Eighteen forest workers were studied ( as controls. Eleven workers had repeatedly experienced blanching and numbness of the fingers on cold exposure over the last 2 to 10 years (TVD group). No symptoms had been observed between attacks. All fingers were reportedly affected in five subjects. In the rest of the subjects, from two to nine fingers were said to be diseased (Fig. 1) . Subsequent case histories about six months after the initial examination confirmed this point completely. The symptoms were attributable to the use of chain saws (Grounds, 1964) . Except for the TVD, the subjects were healthy, as judged from a general clinical examination. Tactile two-point discrimination ad modum (Mackworth, 1953) did not indicate sensory impairment, and trophic lesions of the fingers were not present.
Procedures
Exercise, heavy meals, and exposure to uncomfortable temperatures were avoided for 2 hours before the experiments, which were made in field laboratories in November. Experiments started at 8 a.m. and 1 p.m.; subjects studied in the morning in one series were studied in the afternoon in the other and vice versa. The subjects, wearing nylon shorts only, and with the hands below heart level, sat in pairs (usually one control and one from the TVD group) 272 (T,) of the vigorously stirred water was recorded by thermopiles, suppressing an appropriate part of the total thermoelectric emf by millivolt potentiometers (Leeds & Northrup, model 8686) and recording the remaining signal on a Speedomax H, 0-1 mV, multipoint recorder. Hand volumes were measured by water displacement. The accuracy of the calorimetric method was estimated at ± 10 cal/min / 100 ml hand tissue. The calibration of the thermoelectric equipment was checked twice daily.
Oxygen uptake (Vo2) was measured at the ends of the initial warm and general cold exposures of the second series, using Douglas bags and Scholander's 0-5 ml apparatus.
Vibrations were monitored by an accelerometer and an audio-frequency spectrometer with level recorder (Bruel & Kjer, Copenhagen) .
Results
General thermal state of the body Mid-thigh Ts, an estimate of mean skin temperature (Teichner, 1958) , was initially (x S.E.) 33-6 ± 0-5°C in the TVD group and 32-6 1 0VC in the controls. Neither this temperature nor the Tr (Table 3 ) indicated significant group differences of the total body thermal state. Moderate shivering occurred towards the end of the stay in the cold room, but Vo2 increased significantly(P < 0-001) only in the TVD group (Table 4) .
Heat output from the hands The calorimetric method did not pick up any significant group differences (Table 5 ).
Rewarming after local cold exposure The fingers of two subjects in the TVD group were wax coloured after local cold exposure in the warm room. The local cool exposure provoked no symptoms in this environment. The rewarming curves revealed no group differences after either exposure (Fig. 2) .
Cold-induced vasodilatation An increase of Ts-Tw larger than 0 5'C was used as the criterion for a cold-induced vasodilatation (CIVD) (Lewis, 1930) during local cold exposure in the warm room. CIVD occurred more frequently in TVD-affected subjects (Table 6 ; 0-05 > P > 0 02). The characteristics of the reaction did not differ significantly between the groups (Table 7) . Low occurrence and generally small reactions in normal fingers indicated that the conditions were not optimal for eliciting CIVD. (Fig. 3) . The temperature differences were not statistically significant, however.
On withdrawal of the hands from the cool water, blanching of the fingers occurred in every subject of the TVD group but in none of the controls. The diagnosis was verified by simple inspection, but the 
TVD, affected fingers 51 7-5 i 0 4 13-2 + 0-4 1 9 ± 0 1 TVD, unaffected fingers 10 7-7 + 1-1 13-9 ± 1-1 15 0-2 Controls 35 5-8 ± 0-6 10-7 ± 0-7 1.1 ± 0-1 changes varied considerably between affected fingers. The blanching frequently gave way to a moderate greyish cyanosis before the subject entered the warm room. The digital pallor promptly reappeared, however, with a light grip of the raised hand in the cold (as when steadying the respiratory valve). The two subjects whose fingers had blanched previously on local cold exposure in the warm room retained pallid and numb fingers for 10 to 20 minutes after their return to the warmth. In the rest of the TVD group, the symptoms disappeared after a few minutes in this environment. Thumbs affected with TVD remained colder than unaffected ones in the cool room (0 05 > P > 002). The same trend was present in the other fingers but fell short of statistical significance (Fig. 4) . 
Effect of hand grip and vibration
In two subjects with TVD the fingers of both hands blanched. The pallor disappeared after about 10 minutes, but numbness persisted for the remainder of the experimental period. Normal fingers warmed to somewhat higher temperatures than did fingers affected with TVD, the difference being most marked on the vibrated side (Fig. 5) . The. finger skin temperatures did not reach normal values in the course of 20 minutes, possibly because the subjects were still in some heat debt. Discussion Effect of total body cold exposure The general cold exposure caused only a statistically insignificant trend towards more marked finger cooling in patients with TVD than in the controls. These results are in keeping with our earlier findings in this field (Hellstr0m and Vik, 1970) and do not contradict the concept that subjects with TVD exhibit an increased vasoconstriction in the fingers on total body cooling. However, the 'gross exaggeration of normal constrictive vascular responses' (Ashe and Williams, 1964 ) that leads to blanching or cyanosis of the fingers apparently required considerably more drastic general cold exposures than the present (Ashe, Cook, and Old, 1962) . The interindividual variation in finger cooling during total body cold exposure is normally considerable. There is also a possibility that occupational vibration may increase the local constrictor response to cold before full-fledged TVD appears (Kylin and Lidstrom, 1968; Hellstr0m and Vik, 1970 (Spealman, 1945) , which temperature has been advocated as optimal for provoking attacks of Raynaud phenomena (Hillestad, 1959) . This approach has produced quite different results in various groups of subjects with TVD. Ejrup and Sjostrom (1955) Takagi (1968) . No sizable difference in cooling effect could be traced between the group with Raynaud phenomena and the controls. The present results were also negative in this respect. Heat output from the hands of both patients with TVD and controls was low, indicating a markedly reduced hand blood flow, but did not reveal group differences of diagnostic value. No attacks of blanching occurred, and it thus seems unlikely that methods more sensitive than the present calorimetry for measuring hand or finger blood flow could have provided a diagnosis of TVD under the prevailing thermal conditions. The discrepancies among earlier findings using this approach may have been due to different degrees of severity of TVD in the various subjects. Also the general thermal environmental conditions used do not exclude the possibility that some subjects have been in heat debt.
Effect of intense local cooling in generally warm subjects The fact that the fingers of two subjects blanched during this procedure is not quite in agreement with the classical observation of Hunt (1936) that 'When their bodies are really warm, it is impossible to produce an attack, no matter how cold their hands are.' Failing in 9 out of 11 patients, and being rather painful, this approach cannot be advocated as a means of diagnosing TVD, however.
Cold-induced vasodilatation
The cold-induced vasodilatation (CIVD) (Lewis, 1930) can be elicited in the fingers of subjects with Raynaud's disease (Hertzman and Roth, 1942; Hillestad, 1959; Thompson, 1959) . In patients with TVD, however, CIVD has been reported to be markedly reduced or completely absent (Magos and Okos, 1963) . Under the present thermal conditions, no evidence was found of an impaired CIVD in subjects with TVD. In a later study of forest workers with TVD, CIVD was present just as frequently, and not less markedly in affected fingers as compared with unaffected ones (Hellstr0m and Vik, 1970) . These results indicate that the reported slight affection of A-V anastomoses in TVD (Pellegrini, Martines, Musacci, Antonioli, and Longhini, 1966) is either a late feature of the disease or of minor functional importance. The diagnostic value of CIVD in mild cases of TVD seems dubious, as does the hypothesis (Magos and Okos, 1963) that the attack of blanching is due to an impaired CIVD.
Rewarming after local cold exposure A delayed finger rewarming after local cold exposures which have (Ejrup and Sjostrom, 1955) or have not precipited attacks of blanching (Anda, 1960) has been reported in patients with TVD. Other studies have failed in this respect (Treiberg et al., 1964) . Such rewarming curves, apparently obtained under less strictly standardized thermal and metabolic conditions than the present, have even been used as a basis for grading the severity of TVD (Anda, 1960) . In the present study, the finger rewarming of patients with TVD did not differ significantly from that of the controls. The conflicting results in this field may be due to different degrees of vascular affection in the various groups studied.
Effect of combined general and moderate local cold exposure This approach accomplished our main goal: provocation of attacks of blanching of the fingers in all subjects with TVD. Similar methods have been used by Davies, Glaser, and Collins (1957) and by Kylin and Lidstrom (1968) and have been recommended for provoking attacks in Raynaud's disease (Shepherd, 1963) . This type of approach is strongly favoured by the present results, which are in keeping with the well-established clinical experience that Raynaud phenomena are most likely to occur in subjects who are in heat debt (Hunt, 1936; Bruusgaard, 1941; Telford, McCann, and MacCormack, 1945; Agate, 1949) .
It is not surprising that in the cool room skin temperatures differed little between blanched wet fingers and wet fingers of the control group, since finger blood flow must normally be minimal in this thermal situation. Plethysmography, as used by Kylin and Lidstrom (1968) , might have detected the small differences of blood flow between blanched and maximally constricted normal fingers, but the comparison of symmetrical affected and nonaffected fingers used by these authors was possible for only 4 out of the 80 affected fingers in the present subjects.
Effect of hand grip
The results indicate that a hand grip in the cold to some extent enhances the provocation of attacks. This is in keeping with our own clinical experience and that of others (Seyring, 1930; Ponhold, 1943; Agate, 1949) . The mechanism is not clear. A sustained hand grip one-fifth of maximal markedly reduced finger blood flow (Rohter and Hyman, 1962) and thus must aid local cooling, i.e., it may have an effect similar to that attributed to the neurogenic cold vasoconstriction in attacks of Raynaud's disease (Shepherd, 1963 Ashe and Williams (1964) were able to produce attacks of Raynaud phenomena in two subjects suffering from TVD. The extent and severity of blanching seemed to be maximal. Driving a cold car on a dirt road was a main trigger of attacks in several of our subjects, as it has been in other studies (Williams and Riegert, 1961; Grounds, 1964) . The contribution of local vibration in combination with general and local cold exposure, plus hand grip, is hard to evaluate, however. According to Magos (1961) , acute vibration increases the heat content of normal fingers but not of those affected with TVD. This effect was hardly discernible in the present results, which do not favour local vibration in the cold as a means of detecting Raynaud phenomena of occupational origin.
General comment
The pathophysiology of TVD is not fully known (review by Jones, 1960) . The wide variety of supplementary diagnostic procedures including cold exposure or vibration fall into two distinct categories -those that provoke attacks of blanching and those that do not. Considerable uncertainty appears to be inherent in the latter type of procedure. The vascular response to cold, and possibly to vibration, in the finger is normally subject to a considerable interand intraindividual variation which makes it difficult, if not impossible, to define an exact border between normal and pathological reactions. These difficulties can be reduced but hardly ever eliminated by a strict standardization of the experimental conditions. Adequate standardization of metabolic and thermal conditions is difficult to achieve in the field, however, and is inevitably very time-consuming. Provoking attacks of finger blanching circumvents these problems. In Raynaud's disease 'the difficulty in inducing attacks at will is well known' (Shepherd, 1963) . In TVD, the present results strongly indicate that Raynaud phenomena are easiest to provoke by a combined general and local cold exposure. To determine whether the verified Raynaud phenomena are of occupational origin or are caused by some of the many other conditions which may produce similar signs (e.g., Jepson, 1951) , the thorough medical examination, including a detailed case history, still seems indispensable.
